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IMPROVEMENTS IN AND RELATING TO DETECTORS 

This invention concerns improvements in and relating to 
detectors, 'particularly, but not exclusively, 'in relation to 
the detection of ions produced by, alpha emissions and in 
conjunction with beta emission detection and / or the mounting 

of such • detectors.. - '. "' ' ■ 

It --is . •d-esirabl-eL-Jto.-.have-.. .«si;jauc.lrii!XfiQ«?lttat iori 'as possible 
abou-t-the. location t-XPe : -.e^^- • e»4Af.i«!f^;r?®'*?<5.e«-i encountered in 
a variety of applications, including decommissioning and waste 
manage^tient operations. - 

Separate instruments for alpha emissions and beta 
emissions are known. ./iFor instance*- direct detection of alpha 
emissions can be achieved by the presentation of the detector 
in very close proximity, with . the source to be measured or ions 
produced by the passage- of alpha., particles can be detected by 
attracting them to detector plates. However, use of two 
separate instruments involves two separate, time consuming, 
analyses of an area and "Wl^o introduces difficulties in tying 
the two 'sets of information together to give accurate 
positional\,resol'Utiom:v:Add^^^^^ to 
apply 'such techniques to a' wide variety of instrument forms, 
for "instance instruments which are moved about during 
monitoring. Vibration, what ever its source, ibe it from 
movement of ' the;' instiliament;^© due to the presence of motors 

etc, gives r'is'e to substantial problems. ■ 

The present :invehtrdn aims 'to provide an instrument and 
detector type in which conibined- alpha'ahd beta determination in 
a single "simultaneous . step^^^'T ■ achieved, from corresponding 
locations, and. without effecting detfector efficiency in 
relatipn to either type' of source, ^he present invention also 
'■aims to provide for the elimination or substantial 'reduction of 
vibration using mechariiBal mean's. 

According to a first aspect of the invention we provide 
an instrument for moci tor iF^^gp alpha and beta sources, the 
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instrument position .. determining a detecting location^ the 
instrument comprising, one or more detector elements/ at* least 
one r of;, the detector elements providing an' electrically 
conducting^exterior portion and beta detector means provided 
behind', that portion relative to the detecting location, the 
electrically conducting layer being provided with an electrical ^. 
potential, means being provided to monitor ions discharged on 
the element.. .... 

.In this way a single, detector can monitor ions produced 
by alpha particles and also, directly monitor beta particles 
,entering th^ beta detector means.. 

The instrument may be used to monitor discrete itemis or 
areas. Discrete items are typified by tools, pipes, pumps, 
fil.ters and th$. . like.- .Areas_are typified by locations or 
sur.faces, such as- floors, walls, ceilings, soil, rubble, 
material on a conveyor,, and include surfaces of pieces of 
equipment such as glove .box^s., tanks, vessels and the like. 

• : The. item, or are^ may. be presented to the detecting 
location -by moving the .item . or area to the location" and/or by 
moving the instrument to., the. item or location. Movement of the 
item . or area will .be prefer for small items/ and conveyed 
m.aterial. . Movement of the instrument may be preferreci for 
surveying surface areas, for instance soil, or for' monitoring 
large items which cannot ^ readily be moved. 

The detection location may be provided within a 
continuous enclosure . formed by^ .the instrument, for instance a 
•sealable-.box . .The detecting location may be provided within an 
open enclosure and / or at .or in. proximity to an opening in the 
enclosure, for instanqe.. .ia proximity to a hood. 

: ;.The element ($>. may be planar,. The element (s) may be non- 

■planar. ^/ ..■ .;■ > . ■■ /• ■ 

Two or more elements may be provided. The elements may 
'be proviid.ed in opposition tp..one. .^nother , ,for instance with the 
•detecting Ipcation: -between ^ them _ . 

The alpha detecting means are preferably provided" by the 
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electrically conducting portion.^^ Detection is preferably 
indirectly made through detect ion'of ions. 

Preferably the electrically conducting portion is of 
metal . Aluminium represents a 'pref erred metal for the portion. 

■ The conducting portiori^ref erably extends at least across 
the part of the element ■facing -the detecting location. • It is ' 
preferred that^ the V^cluciUhigi portiorV ext^hds around " the beta 

detection means. 

The conducting portion may be provided with- a greater 
thickness for portions hot ■opposing trie ■ detect ing location, 
particularly tho^e' portibhs- f yc'ifng ' away ^frdm the detecting 
location. The back face of'a E>lWar element may, therefore, be 
provided with a -'thick^^ ^^^^""^ conductor, for instance 

greater than 1mm, 

^ The conducting-porfc^onmay be prdvided with a thickness, 
opposing the detecting Idca^tion, at least in part, of less than 
lOQym', preferably "less than 50u and ideally less than lOum. 

The beta ' detecting' means' -ifiay comprise -a scintillator. 
The scintillator may' be formed of a plastic scintillating 
' material in'^conjunction^ with' a •p>hbt6detector> for instance a 
photomultiplier: Preferably the scintillator Material is light 
sealed' relative to' the outside of the scintillator.' The 
sealing.' may be provided in part, or •completely, by the 

electrically conducting material. 

The beta detector m^ans may comprise a- detector- in which 
the presence' of beta particles generates^ ions, for instance a 
■ gas 'flow proportional counter. The detector : means' may be 
provided; completely or in part, with a metallic exterior by 

the electrically conducting portion. 

The electrical si<jn^l generated -by the alpha, .detector 

means is 'preferably cohveyed to monitoring means by an 
electrical conductor. The monitoring means may comp.rise an 
electrometer. 

" Preferably the 'electrical pbtentraT is ^applied; from an 
external potential source^ ' 'The Vlectrical p^ be 


electrostaticalIy*',proyidecl. 

Where only one. element is. provided . an electrical 
potential is preferably .applied, to. that elemeiit. 

- Where more than, one . element^ is provided some, or all of 
those •elements' may- have,, or, . have applied, a. potential- The 
potentials- may .be. different. ^ Some ,pf the. elements may be 
"grounded; . '.wi.th som.e having, ra ^potential . Preferably the 
different potentials are conf igu^-ed. .. to , generate an electric 
field between adjoining element,s.* .Pref..^rably in such a case 
the detection location is- p,royi(ded .between the elements. 

The ^> ion discharge, mpni.tafing -means.^ may comprise an 
-electrostatic .potential de-termination,,., Preferably the means 
comprise current- indica:tin.g means,..,,.., , _ ^ . 

■The current: indicating means preferably . includes current 
measuring riiean-s,.. 'for ' ins.tance an ele^ctrometer , such, as a ground 
ref erenced electrometer . _ = ^ , •. - 

Where -only one element is pr;oy,ided the current indicating 
means'^ i s '-GOrinected to [ that-, element --^ ■ - ■. 

Where - two ~: or ..more element^ , are . proyj. d^d. the current 
indicating -means may, be connected, to .one^ or more of those 
elements. Preferably, elements of tt>e .same applied potential 
are connected to the current .indicating means.. 

The element may be provided with a further electrically 
conducting portion, . electrically insulated relative to the 
first and- provided on a side facirig away from the detecting 
location.' The further conducting port ion, is preferably at an 
equivalent level of applied potential .to the first. Preferably 
current indicating, and mos.t, pre ferably, cur rent measuring means 
are connected to : the •. f urther-^conduct ing por.tion... 

The further electrically ponduqti.ng portion is preferably 
^in contact with'^a -gas volume.,.- in cpntact . with the gas of the 
detecting location: Preferably the gas..<;ontacting the further 
electrically conducting ] port^iQn::..i.S;.^ separated., from, the gas 
volume - in -contact • ^wi th . the d.e.t^otlng- location by, an ion and / 
or particulate impermeable barrier. 
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Preferably a further beta detection means is provided 
between the further electrically conducting ■ port ion and the 
first beta detection means. ^Preferably the two beta detection 
means are separated by a beta screen. 

According to a second^ kspecf of the invention- we provide 
a detector element fbr monitoring 'alpha and beta sources, the 
element comprising an electr ical ly cbnduct ing exterior portion 
for 'receiving ions generated - by alpha particles, and beta 
detector means provided 'behind 'th"e -eileGtrical ly- . conduct ing 
portion relative' to the source (s) / ■* : . - 

The element (s) may be- planar-. The element (s). may be non- 
plankir'- Cylindrical eiementCs) may" for instance, be provided. 

Preferably the elefctr icai'ly donducting portion -is of 
metal, Aluminiiom represents a preferred metal for the. portion. 

the cdnducting'pdr'tibh pireferably. extends at least across 
part of one side of "the element, ^ • It . Is preferred that the 
conducting portion extends around the beta detection means. 

The conducting portidn may be provided ..with a greater 
thickness for portions oh' brie" or itiore sides, than for portions 
on one or mbre' other 'sides\''''One side 'may have a lower thickness 
than the opposing side "arid -the adjoining sides. The. thicker 
layer of conductor may be greater than 1mm; 

The beta detecting "means may comprise- -a .scintillator. 
The "scintillator may be • formed of- a .plastic scintillating 
material in conjunction with a photodetector , for .instance a 
photomultiplier . Preferably the scintillator material is light 
sealed relative to the ' outside of .the scintillator. The 
sealing may be provide'd in part/ "or .completely/ by the 
electrically conduct ing' material . • . . 

The beta detector means'- may comprise a,:..detpctor .in which 
the presence of beta particles- generates d.ons, ..for instance a 
gas flow proportiorial-' counter. ' "'The ■ detector.-, means may be 
provided/ cbmpletely or i:n--''part, .with.:a ;me:talli:G - exterior by 
the' electrically -conducting*=pb ,■ " , . , - . 

The eiebt'rical'* 'signal'.' generated by ' the ralpha • detector 


means is. . preferably conveyed to monitoring means by an 
electrical conductor. 

The ..element may be provided with a further electricaily 
.conducting portion, insulated relative to the' first/ and 

> provided on a . side facing away fxom the first- Preferably a 
further beta detection means is provided between the further 
electrically conducting portion and first beta^ detection means. 

. Pref erably the Jtwo betai,. detection means' are" separated by a beta 
screen. .Background alpha and beta determinations' may be "made 
in this way. . . , , ' " " 

,. According to a .third aspect of the * invention we prdvide 
a method . of . monitoring alpha and beta sources, "the in^thod 
comprising the steps of placing a locatibn to 'be monitored in 
proximity with ap lnst.:?:ument , and / or placing an instrumeht in 
■proximity wit.h a location to be monitored/ the instrument being 
provided acpording to.^the first aspect of the invehtibn; the 
instrument . providing signal indicative ' of alpha sources and 
a • signal ..indicative .of beta, sources. 

, The third aspect^. of the invent ion "should be * t^ken to 
include steps and_stages necessary to implement tfi^ features 
set out- elsewh^ere in this document, including those features, 
options- and possibilities themselves . ' ' " ' " 

According to a fourth aspect of the invention we provide 
an instrument for detecting ions originating ^rom'a 'monitored 
location, the. ., ins trument having a body portion" defining a 
detecting location, ,the instrument comprising ' one or more 
electrically conducting detector elements, the eleiTient(s) 
havi.ng an. el^ctr.ical potential relative to the monitored 
location, at least a part of the one or more "electrical ly 
conducting, element (s) opposing the detecting location and one 
or more of the elements being mounted on an electrically 
insulating . material _to insulate it relative to the' body 
portion, . the. element (s ) . being in contact with the' mounting over 
at least .1.0% - of the. surface area of the element' facin<j away 
from the detecting location and further comprising means for 
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monitoring ions discharged on one or more of the elements. 

The contact area may comprise at least- 25%, more 
preferably at least 50% and ideally at least 75% of the' area of 
the element facing away from the detecting location. 
Preferably the element is in 'contact with the mounting -over 
all, or substantially all, of the side facing away from . the 
detecting location . 

The instrument may be used to monitor- discrete items or 
locations. Discrete items are typified by tools, pipesv pvimps, 
filters, cables, rods and the likeV " "Locations ate typified by 
.surfaces, such as floors, walls, ceilings, 'soil> rubble, 
material on a conveyor, and 'include surfaceis' or- pa-rts thereof 
on pieces of equipment such as glove boxes,' "tanks,* vessels and 
the like . - 

The item, or location" may be' introduced to the 'detect ing 
location by moving the' item or location to ' the location and/or 
by moving the instrument to the item or iocatiori'. Movement of 
the item or location will be preferred f or ' small items and 
.conveyed material. Movement of the instrument may be' preferred 
for. surveying surface areas, for instance soil, or for 
monitoring large items which 'cannot 'readily be moved. 

The instrument may provide the detecting location within 
..a continuous enclosure, "for instance a ' sealable box. The 
ins.trument may provide the detect ing location within an open 
enclosure, for instance in proximity to a' hood.'" -- 

Ions generated by the item and /" or location' may be moved 
to the detecting location,' for instance by air flow, from a 
^monitored location. ^' 

The element {s) may be planar. The element (^s) may be non- 
planar . 

The mounting may be ^planar. The mounting may-be non- 
planar . 

Preferably the ihsut^ting mount in'g' 'is • provided in a 
configuration matching '"the port ion "of "the dletnent "to which it 
is to be attached. A planar " element -and planar 'mount ing are 
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preferred. ^ 

The mounting m^y be. attached ^tp the instrument around one 
or more, and preferably two or. more, edges. 

The mounting- may be att:achj.ed to the instrument on one 
side, preferably- the , side . fac.ing away from the detecting 
location. - r- 

The ' contact between . the mount ing and the instrument may 
•be • provided oyer at - least lOV; .of. the surface area "of the 
mounting. The. .cont:act may be .a,t leas^t 10% of the surface 'area 
of the '.side of the mounting . facing^ away .from, the detecting 
location.. ■ The : contact - .area . m^§y.. ..pomprise at least 25%, more 
preferably at., least 50% and ideally a.t least 7^% of the area of 
the mounting, facing .,aw.ay ^. .ff.oin.^ the detecting location. 
-Preferably the- mounting .is. in. .c.o,ntact with the instrument over 
all, or substantially al.l„. of th.e.side facing away from the 
detecting^ location.. . ■ ^^ - - . >. • 

- - Two or„mpre elements may be. provided . The elements may 
be provided- in-oppoS:itip.n to :.Qp*,e ..^npther Preferably in such 
cases the detecting location is prioyided between the elements. 

Preferably .the elect.ri,cally , cpnducting element is of 
metal. Aluminium represents a preferred metal . 

■ Preferably the electrical potential is applied from an 
external potential source . The .electrical potential may be 
provided electrostatically. . 

■Where only,, one element ^ is, provided an electrical 
potential is preferably applied. to that element. 

' Where more, than one -element _is provided some or all of 
those-' elements .may. have, - or. ^haye, appl ied,. a potential. The 
•potentials - may, ..be.:.:, different..^ Sorn the elements may be 

grounded,^, with . .some, .havirig,.^ .a .....potential . . Preferably the 
-different potentials .are con.fi.gurpd to. generate an electric 
•field between ^adjoiniag-e.lemei^t.s.,^ a.nd. most preferably with the 
-detecting-location with ,,the .elBC,Kr.ic_ field. , 

•'■'The current inGi.cating^.m.eans pre^f includes current 

measuring means, for instance an electrometer. 
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Where only one element is provided the current indicating 
means is connected to that element. : 

Where two or more elements' are provided the current 
indicating means may be connected to one or- more of those 
elements. Preferably elements of the same applied potential 
are connected to the current indicating means." 

The mounting may include leakage current protection / 
guard. The protection' /' guard may ' tompri'se an -'electrical 
conductor isolated electrically from the detector *element (s) by 
part of the insulating mount ing, the further electrical 
conductor being provided Between -th^" detector element (s) and 
the mounting oh the instrument: 'body, -Preferably the/ further 
conductor is aTs'o electVicaii ly insulated f-rom the instrument 
body by a further" electrical 'ihsulating^ component provided 
between the further conductor aind 'Che mo'^ntihg on. the- body- 
The contact between th*e further conductor - and insulating 
mounting for the detector element (s) and/or the. contact, between 
the further conductor ■ and the 'further electrical: insulating 
component may also be provided according to the inveation in 
terms of the contact area, "- - 

The element niay be provided with a further electrically 
conducting detector element, insulated relative to the. .first 
and relative to the body,' and prbvided on a-- side: facing away 
from the detecting location. The further po^rtion is preferably 
at an equivalent applied potential " level- to- the .first. 
Preferably current indicating, and -most -preferably current 
measuring means are connected to the- further: port ion .. , 

The further detector element ma^y also be provided with 
leakage protection a guard plate as described- .above . . 

In a preferred ■ St ructure 'a detector element facing the 
detecting location is provided/ "with' a''furt"her detector-, e.lement 
mounted indirectly thet*ebh"''''f acing awaS^r.--f rom . the detecting 
location, 'the indirect m6uhting*"'be"provided.uby. .the .electrical 
insulated mounting and' tbSipt is ing- a "first select ..insulator 
mounted oh the 'dete'ctor' element , "an intervening element mounted 


on. the.- first ..insulator,^ a second insulator mounted oh the 
intervening element, the second insulator mounting the further 
detector elements Preferably this structure is mounted on the 
instrument body via the intervening element, " Preferably' the 
intervening element is electrically conducting.' 

Accordinqr .to a fifth aspect of the invention we provide 
a .method of .dete.cting ions generated by one or more alpha 
sources, .i^. which, an instrument is provided in proximity with 
a location. rece,iving ions generated by ah ' item anci / or 
location which may or may not have an ' alpha" source*' and 
monitoring the, l.e.yel of ions detected, the instrument being 
?prbvided according to the first aspect of the "invent ion . 

The , method jna,y. include inoving the instrument ' between 
monitoring ..different items and / or locations, ' 

The fifth. ^aspect of the invention should be taken to 
include steps, stages and operations necessary to implemeht the 
features.,- options and . possibilities set out elsewhere in this 
document . . . . 

Various embodiments of the invention 'will' now be 
described, . by way of example only, and with referenda to the 
accompanying , drawings in which: ■ ' 

Figure 1 illustrates "a prior art alpha particle 
monitoring instruinent ; 

Figure 2 illustrates an instrument incorporating a 
detection plate according to a first embodiment of the present 
.invention; 

Figure. 3 illustrates a background cancelling 
embodiment- .of .the pres.ent .invention; 

Figure 4 illustrates an instrument according to a 
.further embodime^nt, of .^the. present . invent ion; 
- .Figure. 5 .illus.trates_a. still further' embodiment of 

the.- present. ..invent ion ;„ .a.nd. . . ...... ' 

I Figure . 6 illustrates , a still further 'embodiment of 
the present invention., 

The monitoring of alpha and/or beta and/or gamma 
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emissions from an item or location is of particular 
significance during decoinmissionin<5, material accounting and a 
variety of other applications. An accurate ' calculation of the 
level of contamination present enables the correct decision to 
be taken in classifying an item or a location in terms of its 
grade or the most suitable " decontamination process. The 
locations intended to be monitored include' ^ a" variety of 
surfaces, such as floors/' walls/ ceilings, soil/ rubble, open 
ground, equipment surfaces and the "like/ including materials on 
conveyors . Items include' tools, pipes,' pumps/ fi'Ttefs,' cables, 
.rods and the like. 

. The detection of alpha particles emitted int'd air from an 
item is possible through indirect means Despite the f act that 
alpha particles only travel a few ceritimetries^ rn air, and as a 
consequence cannot be detected 'directiy'' at any ' significant 
distance from their source, 'during the course of- their travel 
through, the air they cause" ibnisatioh of a slghifidant number 
of air molecules. As ttiese ionised molecuies remain in that 
state, for a sufficient period of time they can be detected 
remote .from the alpha source. ' ^" ' ^ " 

Alpha detection based oh this principle is possible using 
, .an . instrument of the type illustrated in Figure 1 . ' Here an 
area of surface 2 " to be "monitored is enclosed within a 
container 4 so as to define a measuring chamber 6. The 
container 4 is provided ^with a plate of electrically conducting 
material 8 which is connected via' lead 10 to a -remote 
monitoring location. The conducting material • 8 may be 
mounted on the container 4 by a series of insulating elements 
9, the remainder of the gaps 11 between 'the detector- 8- and the 
top of the container' 4 ' being open space'. By applying an 
^electrical potential to" the 'plate 8 ions" of one polarity 
present within the ' volume "6 are" attracted to the plate 8 and 
.these can be detected by an ele^ctrometer /' ' The 'current -'level is 
indicative of the" ievel ^'of lo'ris 'and' "=hence level of alpha 
emissions occurring within the volume 6; '' : ■■ — 


The ions can.be electrostatically attracted to the plate 
or their passage into proximity with..^ the plate can be assisted 
■by generating^ an airflow, . in , the instrument from the source 
towards the detector. 

It is useful, . whenever possible/ to have as much 
information, as can be derived about ^non-alpha sources within 
the- locat.ion and •/ -or .on an. item being mpnitored. Thus in a 
variety of applications .-informat;ion on beta emission too is 
desirable NThe locat-jions under consideration include a variety 
of surfaces including flporS/, .walls./ ceilings, surfaces of 
art'icleS/ soil./ material- on. conveyor ^systems and the like . The 
items under consideration ...include pipeS/ ^rods, cables, tools, 
small pieces-.of equipment .and the lijce. Locations / items may 
be introduced to -the instrument for monitoring and/or have the 
instrument' provided around, them in-^itu. 

In the prior art it is known to survey an area or item 
using an.- alpha; det-ection instrjiment and then monitor it using 
a -separate beta detection, instrument. This process is both 
time consuming, as two-sepa.rate analyses are required, and also 
•inaccurate- .as . the position of the alpha analysis and beta 
.analysis require carefullinking if accurate information about 
any .location, within the environment is to be obtained. 

•The present invention proposes a revised detector plate 
arrangement whereby alpha and. beta ..detection can simultaneously 
-be achieved, ,^ ^ ■ 

As illustrated in Figure.. 2.., the instrument 15 comprises a 
container ,1.7 which is placed over . an item 19 to be monitored. 
The ordinary electrically conducting plate of the prior art is, 
however, replaced with, a- composit.e. .plate 20. The plate 20 
■comprises an. external, layer ,^.^22 . of electrically- conducting 
material which .isr-connected.-, by a. lead 2 4 to an .electrometer and 
^electrical .potential .in use. The. external layer is thicker on 
■ its-=rear.' surf acje... 2 5 ..so as-, to, :eliiTjiAate as .far as^ possible the 
number • of .background be ta :de.t:ect ions ie thickness greater than 
1mm. The layer on the rear surface 25 may be provided by the 
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top of the container 11 and / or a component attached thereto. 
In such a case, the rear ' face is virtually sieparated from the 
front surface 22 to which the ions- are attracted. The front 
surface 22 is provided at a thidkriess transparent to beta's, ie 
less than 20um- 

The electrically " conducting exterior of the plate 20 
allows an electric potential to be generated between this plate 
2 0 and the grounded i't'em 19'. Ibns 'are thereby 'attracted . to the 
plate 20 and give rise to" a' detectable current . • 

Under the electrically conducting "la-yer' 22^ - however, the 
plate 20 includes a be tai "detecting laiye'r 26i- As illustrated, 
this layer 26 consist^s of- a plastic scint'illa^tor which, on- entry 
of a beta particle in'tb It" -sci'nt'illaites ' " The beta detection 
layer 26 also includ'es a photo'm'ultiplier -2 8 whach converts the 
light generated * in'tb ' an " electrical • signal Which, .leaves the 
plate 2 0 via connection BO"" to" associated instrumentation, not 
shown . 

Other forms 'of ' Veta detector such- as gas flow 
proportional counters' 'cbuid 'be emplbyed =to dir(ectly. replace the 
scintillator of the" above " de embodiment . . • Gas., flow 

proportibnai counters rely on beta particles -enteting a sealed 
metallic chamber through a metallic windbw, the .chamber 
containing a detector gaswhlch is ionised' by the particles. 
The ions are accelerated and raultiplied by an electric field 
and detected as "an electronic: puls^- 

The plates according to the invention' allow combined 
alpha and beta determinations in a simultaneous manner without 
compromising the detection efficiency of either. The .position 
of the instrument " is equivalent for- each'- detect ion so avoiding 
errors when comparing' the two detections. Significant 
advantages over separate monitoring are'' -therefore achieved. 

Provision of alpha and bigta "detection at- the same 
.location " simultaheibus'ly is -also advahtagedus • 'in- preventing 
errors due to the e's'senffiariy raridorh nature of emission events • 

The provision df the^'^de'tector plates by 'applying a layer 


of aluminium foil to a Pilastic scintillator offers significant 
advantages in .terms ■ of. Gost of cons tiruct ion . 

-Whilst the embodiment illus.t,rated in Figure 2 consists of 
a planar electrode a ; variety, of other detector electrode 
configurations are possible .; - . . • 

= In a ■turther .embodiment of the invention. Figure 3, the 
electrodes -may^ be pro:Vjided_ in .a; background cancelling manner 
for the alpha signal Here., an alpha, de tec electrode 50 is 

provided • tc-monrtor. a spu[rce 52..., The electrode 50 also picks 
up background generated ions too, but this can be accounted for 
by mbhitdring the signal ..arising, .-from th background detector 
plate 54 . • . ; 

A guard plate 56 and two layers of material 58, 60 are 
provided between the- guard plate.. 56 . and the item 50 and 
background elecifrode 54. Both of these layers 58, 60, may, 
however,' be provided - betk ■• detecting scintillators. Dual 
detection is therefore ' achieved'. - ; 

If the gu^rd plate'56 ' i's^sufficientl.y. thick ...to shield 
against beta ' emlssio'tis ' thin b'ack'ground' ^cancelling .for that 
signal too can be provided. 

To provide garrima ihforitvation -a-s'well , the de^tector array 
may also be provided with "a gamma detector in- a fixed position 
relative to it. The gamma detector may be of the thick plastic 
scintillator type., sodium iodide crystal type or semi-conductor 
type. The detector may be collimated arid/or otherwise shielded 
to provide directional information. 

The embodimerits described -in Figures 2 and 3 also offer 
significant advantages in terms' of 'the rigidity -of the. detector 
plate mounting . ' Prior ' art ^ iri^truitients • and a variety of- other 
instruments based' around"' tHi's^ - 'detection- principal, suffer 
problems where vib'rktion of ' the' -de'tec^tor array occur s . The 
instrument and/or location may" be-moved relative to^ one , another 
causing vibration' arid/or ' oth^el -equipment , : such, as . fan motors, 
may cause vibration. The problem is the same.. In each case, 
what ever the source of the*^^vlbrat ion ' • ^ :. 
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Whenever a location^ in a grounded state, moves relative 
to the detector array, at an applied potential, vibration in 
the detector plates is likely and capacitance changes- occur as 
a result which effect the anstruinents detection capabilities 
through the ' generation of high^ noise levels . . The -.problem is 
particularly acute for detectors in which ions are. attracted to 
a detector ' plate * at an' elevated potential relative to the 
"grounded i tern/ locat ion- uiid^r analysis, so called electrostatic 
systems; or where' the ' rn^st rumen ts" are - :employed with moving 
locations/items; or where ' Che ■ihstruments .are • moved across 
locations." ' " ' ^--''^ ■ 

xHe capacitance changes -rfesult an a noise' current , whose 
value is determined by the expression 

. ; . ' ' dQ * ^ dC ■ " ' 

dt - . - . dt ^ . (where V is constant) 
* Since the capacit-ance of the.. detector, is directly related 
to the distance from the;- electrode in . the detector to the 
grounded - bbject, variations in..,, the. distance, for instance 
through -vibrations, • yCiause ..4 ,--dir:.,e.ct.ly proportional noise 
current . 

Typical" detection, . cur.rents .for the alpha particle 
generated ions are in the order of lO'^^^A fo.r an item which is 
"suitable for' unrestricted release . ..As distance variation 
induced currents can, readily reach several nA (lO'^A) noise 
control is. important,-, if;; the desired signal is not to be 
obscured, , . , . , .... 

This problem is addressed to a significant extent by the 
embodiment of .the invent ion. . illustrated _ in Figure 2 as the 
plate provided ,Qn . a, substantial structural componeh::, the 
scintillator 26-. As- aj conseq-uence/ . the degree of variation due 
to ■ vibration is, sd:gnif iqantly.. resduced^. , The embodiment of the 
invention ■ Illustrated .-.rir),. Fig^ 3. still further reduces this 
vibration by^providinarthe -.s.a.n;dwich ..struct^ incorporating the 
guard bla'de' 106; .• - ■ . . . . _ 

Additional ways of ..addressing this issue, with or without 


th.e use of beta ; and./ or gamma detectors . and scintillators in 
particular are now provided. 

In the embodiment ..of the , Invent ion illustrated in Figure 
4 the detector array Is proyided in terms of a detector plate 
.700 to which a potential, is... applied via lead , 701. The system 
i'S also .applicable to arrangements in. which an electric field 
is ..generated, between a -plate and another plate. .. As previously, 
current ■ arising from • detected ions is .monitored using an 
electrometer. 

Unlike, prior art systems, - where - hanging point mountings 
for the thin detector plat.e.s , -are employed, .-this embodiment 
provides the detector plate 7po . in ^ a. comppsite construction 
with an electrically yl:nsulat.ing material .702... . Contact between 
the two over a subs.tantaaL area, provides a firm bond between 
the two'.,.' The . .combined thickne;SSi and . st.ructural properties of 
the- composite allow -mpre substantial , and rigid fixing to the 
supporting, structure, to. . be . u^ed,. in this, example to the 
instruments top wall 703,.,--, .... 

• The .combined structural , prpp -..also significantly 
reduce- any flex -in the electrode . vsfhere . it is mpunted o.n edge 
supports. • 

As well- as of f ering advantages in terms of r.educed noise 
and vibration,, the ..composite is- also simpler to manufacture 
that prior .art detectors. . ; 

A f urther embodiment of , the inventipn, , intended to reduce 
leakage currents, is illustrated in Figure .5. where the 
structure of Figure 4 is supplemented with a further plate 710 
and further layer 712 of insulating material. The layer 712 is 
mounted on the top wall 703 defining part of the instrument so 
as to give a rigid structure. 

The still further embodiment of the invention illustrated 
in Figure 6 provides a background cancelling detector array. 

The detector electrode 700 which is exposed to the alpha 
particle generated ions is once again mounted on an insulating 
layer 702, itself mounted on a plate 710 and insulating layer 


712. A guard plate 706 is fixed to the back of the insulating 
material 712. A fu'rther layer bf electrically insulating 
material 718 is mounted on the g^uard plate 706 and carries a 
^further plate 770 on its rear" The plate- 770 is provided with 
an insulating layer 772,- which carrres a 'further plate- 774. 

The guard plate 706 -extends laterally to- a sufficient 
extent to pr^ovide ^ •mounting; 800 'for the entir^- assembly on the 
container 'side waiis=726- the "^uard plate" 7 0=6 ■ is- relatively 
thick, 6. 5cm or so, - to ' gi^^e- st ill • f urthet ^ .r^^^^^ to the 

assembly. 

• The pldte- "774--bn- of the further layer of 

insulatc^r -772 is provide'd together with the plate 770 for the 

■ detection o f ' background ibrts . -— • • ' 

Ail ■ iiectf ic potential- is applied • to each of the plates 
7o6/ 77'4^' in use -and ■ thfe- current^- is monitored through a 
coniiection to an electrometer for each - platev : not shown. A 
current reading for each detector plate 700, 774 is obtained as 
a result." The background can be subtracted from .: the- item + 
background value to give an absolute item value using software. 
- The embddiitients^^bf ^the^ inv^ntibn described above address 

■ alpha pair'ticre det^rmihatiohs but it is perfectly possible to 
incorporate gamma and/or beta detectors in such an instrument 
alternatively"' or additionally. The ^gamma detectors may be of 
the plastic scintillator typ'fe, sodium Iodide crystal type or 
semi-conductor type. Beta detection can be undertaken directly 
or alternatively by calculation -from the ■ gamma emissions 
recorded. ' - ■ " 


CLAIMS : 


1, ' Ari ihstruinent for monitoring, alpha and .beta .sources, the 
instrument position : determining, • a monitoring location, the 
instriiment comprising one or more detector elements, at least 
one of • the detector, elements providing- : an . electrically 
conducting exterior portion. :and: heta -detector; means, the beta 
detector means being. .provided .behind .that: cqnducting .exterior 
portion" 'relative to the '..monitoring lo.cation, the electrically 
conducting layer being provided with an electrical potential, 
means being provided to monitor. ions: d.is:char:ged on the element. 

2 . 'An instrument ^ according. . to ...cl-aim . 1 in - which the 
conducting portion extends at least across the part of the 
element facing the detecting location, 

"31 * -An instrument --according: £o.. cl:aim- ..1 or, claim.. 2 . in which 
the conducting portion is provided. -with a ,gr eater th^ for 
"portions not opposing. : the. detecting „lpcat ion 

4* An instrument according- to- any preceding cl^im in which 
"the conducting portion is provided , with: a thickness,, opposing 
the detecting location,-, at least in part, of less than.^.50vi and 
a thickness, not opposing the::detec.ting location, at least in 
part, of greater than l«mm, . / ■ . . ^ . 

"SV - An instrument according .to. any preceding claim in .which 
the beta detecting means comprise" a scintillator, i- 

6; An instrument ac<rdrding:>to any of .claims 1 to 4 in which 
the "beta detector means comprise a. detector >in .. -which the 
preisehc^^ of • bet generates - ions v....:'. - ; : i.;- 

7. An instrument according to any preceding claim in which 
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the element is provided with a further electrically conducting 
portion, electrically insulated relative to the first and 
provided on a side facing away from the detecting location^ the 
further electrically conducting portion being in- contact with 
a gas volume in contact with the^gas: of the detecting location, 

8. An iristrUment acqording to claim 7 in. which the gas 
contacting ■ the further " select ricaily conducting , portion is 
Separated from the ' gas^^volume in eqntact-/, with .:the ^detecting 
location by an ^ion and "or particulate imper^ineable . barrier , 

"9, -An anstruiaeht according 'to claim -7. qr , olaim 8. in .which a 
further beta detection means is provided between the further 
electrically conducting portion and the first beta detection 
means- and the two ^b^ieta dete.oti.on means are , separated by a beta 
•screen.-- ;-J - - ; - , . ■■ 

10. A method of monitoring alpha and beta sources, the method 
comprising the steps- o'f placing .a location,; to be monitored in 
proximity With 'an instrument:/' and /. ox placing- an instrument in 
proximity with a location> -^ to • be. - monitored/r the instrument 
comprising one or more detector elements, at least one of the 
detector' elements providing^ an ielectrically conducting exterior 
port ion and* beta detector means, the beta detector means being 

■provided behind that conducting- exterior portion, relative to 
the monitoring location; the electrical ly. conducting layer 
being provided with an electrical . potential/ means . being 
provided to monitor ions discharged on the element, the 
instrument providing a signal indicative of alpha sources and 
a signal Indicative lOf beta: --sources.- ^- . . - 

11 . ■ Ah inst^rument fo.r -detecting- -.loas-.^origina from a 
"monitored - location, t:h^: -[rclpstrument h^virig... -a body portion 
defining a detecting Locatloo./ the ins,trumentt cpmpri sing ^ or 
more electrically conducting detector elements, the element (s) 
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having, an electrical, potential relative to the monitored 
location, at least a part of the one or more electrically 
conducting element (s) opposing the detecting location and one 
or more of the elements being mounted on an electrically 
insulating material to insulate it relative to the body 
portion, the element (s) being in contact with the mounting over 
at least 10% of the surface area of the element facing away 
from the detecting location and further comprising means for 
monitoring ions discharged on one or more of the elements. 

12. An instrument according to claim 11 in which the contact 
area comprises at least 75% of the area of the element facing 
away from the detecting location. 

13. An instrument according to claim 11 or claim 12 in which 
the mounting includes leakage current protection / guard, the 
protection / guard comprising an electrical conductor isolated 
electrically from the detector element (s) by part of the 
insulating mounting, the further electrical conductor being 
provided between the detector element (s) and the mounting on 
the instrument body. 

14. An instrument according to any of claims 11 to 13 in 
which the element is provided with a further electrically 
conducting detector element, insulated relative to the first 
and relative to the body, and provided on a side facing away 
from the detecting location. 

15. An instrument according to any of claims 11 to 14 in 
which a detector element facing the detecting location is 
provided, with a further detector element mounted indirectly 
thereon facing away from the detecting location, the indirect 
mounting be provided by the electrical insulated mounting and 
comprising a first electrical insulator mounted on the detector 
element, an intervening element mounted on the first insulator, 


-21- 

a second insulator mounted on the intervening element; the 
second insulator mounting the further detectdr element. 
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